Purpose: This study examines the effects of a rehabilitation program on quality of life (QoL), cardiopulmonary function, and fatigue in breast cancer patients. The program included aerobic exercises as well as stretching and strengthening exercises. Methods: Breast cancer patients (n= 62) who had completed chemotherapy were randomly assigned to an early exercise group (EEG; n= 32) or a delayed exercise group (DEG; n= 30). The EEG underwent 4 weeks of a multimodal rehabilitation program for 80 min/ day, 5 times/wk for 4 weeks. The DEG completed the same program during the next 4 weeks. The European Organization for Research and Treatment of Cancer-Core Quality of Life Questionnaire (EORTC QLQ-C30), EORTC Breast Cancer-Specific Quality of Life Questionnaire (EORTC QLQ-BR23), predicted maximal volume of oxygen consumption (VO2max), and fatigue severity scale (FSS) were used for assessment at baseline, and at 2, 4, 6, and 8 weeks. Results: After 8 weeks, statistically significant differences were apparent in global health, physical, role, and emotional functions, and cancer-related symptoms such as fatigue and pain, nausea, and dyspnea on the EORTC QLQ-C30; cancerrelated symptoms involving the arm and breast on the EORTC QLQ-BR23; the predicted VO2max; muscular strength; and FSS (p< 0.050), according to time, between the two groups. Conclusion: The results of our study suggest that a supervised multimodal rehabilitation program may improve the physical symptoms, QoL, and fatigue in patients with breast cancer.
INTRODUCTION
Every year, more than 1 million women are diagnosed with breast cancer worldwide. According to the results of research conducted by the Ministry of Health and Welfare, the incidence of breast cancer in South Korea is 15.1%. This percentage makes breast cancer the second-most frequent cancer in South Korea [1] . As opposed to the United States, where almost all patients with breast cancer are over the age of 65 years, 60% of Korean breast cancer patients are < 50 years old [2] . The 5-year life expectancy of patients with breast cancer in South Korea is high at 89.5% [1] .
Patients with breast cancer commonly experience symptoms of fatigue, pain, anxiety, and depression. For those who have undergone mastectomy, common sequelae of the procedure include shoulder joint limitations, weakness in the arms and hands, lymphedema, pain, and sensory problems. Adjuvant therapies, such as hormone therapy, radiation, and chemotherapy also decrease recurrence of breast cancer and mortality, but cause considerable side effects and negatively impact quality of life (QoL) [3] . Short-term side effects of radiation include fatigue and skin rash. In the long-term, radiation can cause lymphedema, cardiopulmonary toxicity, and brachial nerve palsy. Chemotherapy has toxic effects on healthy cells and tissues; its short-term negative side effects include nausea, diarrhea, headache, thrombosis, muscle pain, neuropathic problems, and fatigue. The long-term effects of chemotherapy include premature menopause, weight gain, decreased cardiac function, cognitive problems, anxiety, and depression [4] .
Breast cancer and its treatment cause a general reduction in physical activity that varies in degree depending on the severity of the disease and treatment. Fatigue is the most common symptom of breast cancer and its treatment, and it tends to be the most difficult and prolonged of all symptoms [4] . To summarize, breast cancer and its treatment pose many challenges to the patient' s physical, emotional, mental, and social well-being and negatively impact the patient' s QoL.
Recently, it has become clear that rehabilitation involving physical activity is an important part of cancer treatment. Patients with cancer initially experience a decrease in daily activity with chemotherapy and a potential increase in weight. Cardiopulmonary function is often adversely affected, and bone mineral density often decreases with diagnosis and treatment. Exercise has been shown to be an effective intervention for improving QoL and also helps improve cardiopulmonary and physical functioning while reducing fatigue [5] . Many recommend rehabilitation that can help address both the physical and emotional contingencies of cancer, as these can cause difficulties in working; the idea is to restore function, help patients return to their occupations, and improve their QoL. Rehabilitation that specifically addresses physical and emotional functioning has been shown to be the most effective approach [6] .
Aerobic and resistive exercises are effective in improving QoL and reducing the level of pain. Additionally, it can help improve the shoulder range of motion in patients with breast cancer and help alleviate fatigue. In many different studies, it has been shown that a rehabilitation program can contribute to decreasing the side effects of breast cancer [7] [8] [9] . Additionally, core stability exercise and massage therapy were shown to improve both physical functioning and emotional function/ mood compared with a control group [7] .
While the incidence rates of cancer are increasing in Korea, and rehabilitation is therefore of greater interest to these patients, most hospitals do not have specific rehabilitation programs for patients with cancer. Few studies have performed evaluations of the maximal volume of oxygen consumption (VO2max) in this patient population and applied it to core stability exercises during intervention. Given the status of current research, this study aimed to determine the effects of a 4-week stretching, aerobic, and strengthening exercise program on QoL, fatigue, and physical fitness in survivors of breast cancer. We hypothesized that a multimodal rehabilitation program would result in meaningful improvements in QoL, fatigue, and physical fitness. To test this hypothesis, we implemented a systematic multimodal rehabilitation program that would allow measurement of these parameters.
METHODS

Participants
This prospective, randomized, controlled trial with a crossover design was conducted at the Rehabilitation Center at Asan Medical Center. Ethics approval was granted by the Health Institutional Review Board at Seoul National University (19-2013-04-24) , and written informed consent was obtained from all participants. A total of 212 participants signed informed consent forms and were randomized to the study groups. After enrollment and randomization, 150 participants discontinued, leaving 62 participants who completed the study. All participants were evaluated at baseline and at 2, 4, 6, and 8 weeks. Overall, 150 participants failed to return for evaluation visits when the rehabilitation program was not performed in the hospital (Figure 1 ). The study had two arms: the early exercise group (EEG; n= 32) completed the exercise program from baseline to 4 weeks, whereas the delayed exercise group (DEG; n= 30) completed the exercise program from 4 to 8 weeks.
The recruited participants were patients with stage 0-3 breast cancer who had been prescribed multimodal rehabilitation after being evaluated by a physiatrist. All the patients underwent radiation therapy. Some of the participants had lymphedema, but they were able to maintain the status after complex decongestive physical therapy. Before testing, the patients were randomized by investigators into either the EEG or the DEG at a 1:1 ratio using a computer-generated allocation sequence. Women were excluded if they had evidence of recurrent disease or had other musculoskeletal involvement such as low back pain, disc problems, osteoarthritis, rheumatoid arthritis, or shoulder problems.
Instruments
Quality of life
QoL was evaluated based on the European Organization for Research and Treatment of Cancer-Core Quality of Life Questionnaire (EORTC QLQ-C30) (version 3) and the Breast Cancer-Specific Quality of Life Questionnaire (EORTC QLQ-BR23). The EORTC QLQ-C30 is a self-administered questionnaire consisting of 30 items that incorporates five functional scales (physical, functional, cognitive, emotional, and social performance); three symptom scales (fatigue, pain, and nausea and vomiting), and the scales of QoL and overall health status. In conjunction with the EORTC QLQ-C30, the Breast Specific Module, BR23, was applied. The BR23 assesses specific aspects of breast cancer and comprises 23 items with two scales: functional and symptomatic. These questionnaires have been validated and crossculturally tested in various cancer populations [10] .
Cardiorespiratory function
Cardiorespiratory function was measured using the cycle test (Ergoline 200k; Ergoline GmbH, Bitz, Germany). Patients commenced cycling at 20 W; this workload was increased by 25 W every minute. The test was completed when patients reached 85% of their estimated maximal heart rate. The cardiorespiratory test score was assessed as the power output that coincided with the 85% maximal heart rate [11] .
Fatigue measurement
The Fatigue Severity Scale (FSS) consists of nine questions that are responded to using a Likert scale ranging from 1 to 7, with lower scores meaning "disagreement" (greater disagreement with lower scores), and higher scores meaning "agreement" in the same fashion. A score ≥ 36 is regarded as severe chronic fatigue, and a score < 36 indicates mild fatigue. The reliability and validity of this questionnaire has been determined before; interreliability has been shown to be at a high level [12] .
Muscle strength measurement
Maximal isometric strength was assessed in four muscle groups bilaterally using a hand-held digital dynamometer (Power Track II Commander; JTech Medical, Salt Lake City, USA). The muscles assessed included the elbow flexors, hip flexors, hip abductors, hip extensors, knee extensors, and knee flexors. Muscular groups were tested in the middle of the joint range [13] . The system was regulated so that it recorded the maximum contraction. For every group of muscles, a duration of 5 seconds was used to measure the maximal isometric contraction. The average of three contraction trials was recorded as the final number, and 2 minutes of rest was given after every contraction to avoid a decline in strength across trials due to fatigue.
Rehabilitation intervention
Rehabilitation program
Participants were asked to attend the rehabilitation center 5 times a week for 4 weeks. The sessions were supervised by one physical therapist. The warm-up period was conducted for 10 minutes and consisted of six different upper stretching exercises and five different lower stretching exercises. For strengthening exercises of the extremities, participants performed two sets of 8-12 repetitions using the TheraBand (Hygenic Corp., Akron, USA) at 60%-80% of 1 repetition maximum and progressed to a heavier intensity. For strengthening exercises of the axial muscles, the core stability exercises were performed using a ball and consisted of nine different exercises, and the Strengthening exercise by using TheraBand: elbow flexor, hip flexor, hip abductor, hip extensor, knee extensor, knee flexor Core stability exercise (10 min) Core stability exercise by using ball: abdominal muscle, spinal muscle Cool down (10 min) Lower extremity stretching exercise: low back, hip flexion, extension, abduction, knee extension, knee flexion participants performed 5-10 repetitions. Aerobic exercise was performed for 40 minutes at 40%-75% of VO2max (Table 1 ) [14] . The intensity of the aerobic and strengthening exercises was set based on the guidelines or older adults, provided by the American College of Sports Medicine (ACSM). All lymphedema patients wore compression stockings during the exercises.
Rehabilitation components
The multimodal rehabilitation program consisted of strengthening exercises using the TheraBand and stretching exercises using the T-bar; these exercises were particularly focused on the pectoralis muscle. Core stability exercises were also used, with a medicine ball used for improving the abdominal and lumbo-pelvic muscle strength (Supplementary Table  1 ). Finally, an aerobic exercise program component that used cycle and arm ergometers and a stepper machine was included.
Assessments
During weeks 1-4, the EEG participated in the rehabilitation program, and the DEG was asked not to attend the program during this period. During weeks 4-8, the DEG was provided with the same rehabilitation program. The EEG was not given any rehabilitation program to follow during weeks 4-8. However, we encouraged both groups to exercise at home. All participants were evaluated for lymphedema, cardiorespiratory function, muscle strength of elbow flexors, hip flexors, hip extensors, and knee extensors, and responded to the fatigue and QoL questionnaires at baseline. A physical therapist assessed the active flexion, abduction, internal rotation, and external rotation range of motion of the shoulder at baseline and postexercise. Additionally, at weeks 2, 4, 6, and 8, the participants answered the questions on the FSS and EORTC survey, and were again evaluated for cardiorespiratory function. Muscle strength was assessed preintervention and postintervention.
Statistical analyses
Statistical analysis was performed using SPSS version 12.0 software (SPSS Inc., Chicago, USA). Baseline descriptive statistics were compared using independent t-tests for continuous data and chi-square analysis for categorical data. The primary analysis employed a 2 (group) by 5 (time) repeated measures analysis of variance (RM-ANOVA) to test for interactions between "time" and "group" with respect to QoL, fatigue, and cardiorespiratory fitness. Paired sample t-tests were used to assess changes in fitness over the 4-week intervention period in both the EEG and the DEG, while an independent sample ttest was used to compare the fitness value between the groups at 4 weeks. All tests were two-tailed with statistical significance set at an α level of 0.05.
RESULTS
Characteristics of the study population
The average age of the participants was 47.1 ± 8.5 years in the EEG, and 48.3 ± 8.2 years in the DEG; the percentage of patients with a body mass index > 25 kg/m 2 was 46.8% in the EEG and 33.3% in the DEG. No significant differences existed between the EEG and the DEG with respect to occupational status, average exercise frequency, education status, marriage, economic status, lymphedema, chemotherapy, hormone therapy, cancer stage, and surgery method ( Table 2 ). Comparison of the dimensions of QoL, cardiorespiratory fitness, and fatigue at baseline mean difference In the baseline evaluation, there were no differences in the QoL, functional aspects such as physical and emotional performance, and symptomatic aspects such as vomiting, fatigue, pain, and dyspnea between the EEG and the DEG groups. Furthermore, statistical differences were not seen in the arm and affected breast symptoms on the EORTC QLQ BR23, in the FSS, or in cardiorespiratory function and muscle strength (Tables 3, 4 ).
Preintervention and postintervention changes in muscle strength
The elbow flexor, hip flexor, hip extensor, and knee extensor muscle strength displayed statistically significant improvements after the rehabilitation program in the EEG and DEG (Table 4) .
Changes in patient-rated outcomes over the 8-week study
After 8 weeks, statistically significant differences were apparent in global health, physical functioning, role functioning, emotional functioning, and cancer-related symptoms such as fatigue and pain, nausea and dyspnea on the EORTC QLQ-C30, and arm and breast symptoms on the EORTC QLQ-BR23. Other significant differences included VO2max, and FSS (p< 0.05) according to time between the two groups ( Table 5 ). In Figure 2 , RM-ANOVA revealed a significant time-by-group interaction for QoL. Follow-up paired t-tests revealed that the EEG demonstrated a significant improvement in QoL from baseline to week 4, and the DEG demonstrated a significant QoL improvement from week 4 to week 8 ( Figure 2 ). RM-ANOVA revealed a significant time-by-group interaction for cardiorespiratory function. Follow-up paired t-tests on the in- teraction effects revealed that the EEG demonstrated a significant increase from baseline to week 4; conversely, scores for the DEG decreased from baseline to week 4 but demonstrated a borderline significant increase from week 4 to week 8 ( Figure  3 ). RM-ANOVA also revealed a significant time by group interaction for FSS (Figure 4 ). Follow-up paired t-tests on the interaction effects revealed that the EEG demonstrated a significant decrease from baseline to week 4. Conversely, scores for the DEG increased fatigue from baseline to week 4 but demonstrated a significant decrease from week 4 to week 8 ( Figure 4) .
Comparison of the mean values for the dimensions of QoL, cardiorespiratory fitness, and fatigue after 4 weeks
At 4 weeks, as previously noted in the introduction to this section, statistically significant differences were seen in global health score (p = 0.001), physical functioning (p = 0.013), emotional functioning (p = 0.001), and cancer-related symptoms such as fatigue (p= 0.001) and pain (p= 0.001); nausea (p = 0.001) on the EORTC QLQ-C30; cancer-related symptoms such as arm and breast symptoms (p = 0.001) on the EORTC QLQ-BR23; and in the predicted VO2max (p= 0.005) and FSS (p= 0.001).
Changes in QoL, cardiorespiratory fitness, and fatigue from baseline to 4 weeks
The results isolate the differences from baseline to 4 weeks for the statistically significant differences in the EEG (compared to the nonsignificant differences in the DEG) in global health, physical function, cancer-related symptoms enumerated earlier, and FSS. Cardiorespiratory function actually showed a significant decrease in DEG (p< 0.050).
Changes in QoL, cardiorespiratory fitness, and fatigue from 4 weeks to 8 weeks
The findings for week 4 to week 8 revealed that the statistically significant improvements in global health, physical function (in the EORTC QLQ C30), fatigue, and cancer-related symptoms (such as symptoms in the arm and in the breast) showed durable improvement, signifying that the effects of rehabilitation are prolonged.
DISCUSSION
The purpose of the present study was to examine the effect of a 4-week exercise program consisting of various types of exercise (stretching, aerobic, and strengthening) on QoL, fatigue, and physical fitness in breast cancer survivors. We also implemented a systematic rehabilitation program in this study.
Based on the scientific data, participation in rehabilitation programs, including aerobic and strength training, should be recommended for breast cancer patients [15] . Aerobic, stretching, and strengthening exercises have already been proven to be effective exercises in breast cancer patients; however, in this study, we modified the equipment for easier use, and combined these exercises with other types. Thus, we included aerobic and strengthening exercises with a cycle and arm ergometer and a stepper machine, and other strengthening exercises, which included TheraBand and core stability exercises. Although none of the participants had shoulder involvement at baseline, it is possible that the shoulder and arm problems could emerge during radiotherapy. Thus, our program was more focused on the prevention of shoulder problems with the use of T-bar shoulder exercises. In our results, full shoulder range of motion was maintained at baseline and postintervention. On the other hand, core stability exercises are generally used to improve lumbo-pelvic control. These exercises improve the individual' s ability to activate proximal muscles, providing interactive moments that would allow efficient distal muscle function. Additionally, gym ball exercises also improve the patient' s motivation for exercise and have a positive effect on dynamic postural control, appropriate muscle balance, and joint function [16] . Exercise has been investigated as a means to reduce cancer treatment-induced bone loss at the spine and hip in breast cancer patients [17] . The purposes of core stability exercises in this study were to prevent misalignment and maintain axial muscle strength. We chose the multimodal rehabilitation programs in this study for prevention of physical deterioration and improvement of QoL. These exercise materials have been made simple for the participants to use, not only in the hospital and gym, but in their own homes as well. The rehabilitation program resulted in increased physical and emotional functioning in the study population. Additionally, the EEG showed significant improvement in physical functioning (QoL measurement) from week 4 to week 8. Some of the parameters that did not show statistically significant effects with this rehabilitation program were cognition, social functioning, insomnia, appetite loss, constipation, and diarrhea.
This study will become part of the current literature that covers the parameters of functioning and well-being that are impacted (or not impacted) by a planned physical therapy program in patients with cancer and other chronic diseases. A previous study showed that supervised exercise improves physical and psychological functioning more efficiently than self-exercise [18] . Another study demonstrated that exercise programs with physical therapy clinic are more effective than home exercise programs [19] . In the absence of exercise, patients with chronic disease including cancer have greater decreases in energy from lethargy and fatigue, compromised physical functioning, weakness of muscles, and many social and cognitive challenges (depression, cognitive deficiency, and loneliness). This study may facilitate prescription of our program by physicians for hospitalized patients.
Ultimately, improving QoL is the main purpose of implementing physical rehabilitation programs in patients with cancer. A previous study reported that most studies conducted on exercise intervention for cancer have aimed at improving the patient' s QoL [20] . Exercise and physical activity create a sense of control and self-confidence in patients by reducing stress and anxiety, increasing acceptance of the illness, and improving the ability to concentrate [9, 21] . Similar to our results, increasing QoL and positive emotions/feelings, decreasing stress, and improving physical function have been the advantages of certain other physical rehabilitation programs [20] . According to a previous study, 12 weeks of resistive and aerobic exercise had a positive effect on QoL in patients with breast cancer, as seen by the use of Fact-B, a tool to measure QoL [9] . However, the findings have not been uniform with respect to the correlation between physical exercise and improvement in patient functioning with chronic disease. One study showed that aerobic exercise did not have an effect on self-confidence or QoL in patients with breast cancer. Another previous study, which reported that patients have a decreasing QoL with decreases in physical functioning, sexual functioning, and role functioning with chemotherapy, did not examine the potential benefits of rehabilitation [22, 23] .
Rehabilitation also reduced pain and fatigue and improved symptoms especially in the breast and arms in patients recovering from cancer. The interventions in this study were more focused on upper-arm exercises with the T-bar and gym ball, which is different from other similar studies. Therefore, our results were significantly different for arm and breast symptoms, which separates this study from previous studies. Some of the participants had lymphedema. These patients showed improved breast symptoms after exercise based on the EORTC BR-23 (EEG, 43.5 ± 32.2 to 22.1 ± 16.5, p = 0.060; DEG, 48.3± 24.2 to 6.6± 7.8, p= 0.001). Patients with arm symptoms also showed a tendency for improvement after the intervention (EEG, 26.8 ± 19.6 to 16.2 ± 7.7, p= 0.133; DEG, 38.5 ± 30.1 to 10.5 ± 12.1, p = 0.023). A previous study showed that upper body resistance exercise with either high or low loads does not increase the extent of swelling or severity of symptoms in breast cancer-related lymphedema patients [24] . Indeed, moderate-to-high intensity resistance exercise significantly improved muscle strength, muscle endurance, and QoL in women with breast cancer-related lymphedema. Another study has also demonstrated that a 6-month exercise program that includes weight training improves strength without increasing lymphedema in women after breast cancer treatment that included axillary clearance [25] . Most lymphedema patients do not use their affected arm freely because they believe that using that arm too much is one of the causes of the lymphedema. Our findings showed that exercise had a positive effect on breast-specific symptoms. Other studies with similar results exist. One study revealed that patients showed decreased fatigue after a 12-week exercise program [9] . Other studies reported that pain is decreased after an exercise program in patients with breast cancer [8, 26] . This study finally showed the correlation between QoL and fatigue, which is that fatigue is the most reliable predictor of QoL. Conversely, improving physical function through exercise can reduce fatigue, thereby improving QoL [26] .
In our study, the patients showed improved cardiorespiratory fitness, which is in agreement with the findings of a previous study [27] ; here, patients with breast cancer (diagnosed through mastectomy) participated in a therapy program that involved dancing and aerobic movement for a period of 6 weeks, and a significant difference was found in cardiorespiratory fitness following this program.
Measuring improvement in VO2max using a cycle has been validated [28] . The cycle test is a very comfortable and safe method, and therefore is appropriate for measuring cardiorespiratory function in patients with cancer. In our study, after 8 weeks, the participants in the EEG showed significant improvement in VO2max. It is also important to note that aerobic exercise over 8 weeks is recommended by the ACSM [29] .
With regard to the symptom of fatigue, a significant improvement was noted, as measured by the FSS. We evaluated fatigue not only using the EORTC scales but also the FSS. The National Comprehensive Cancer Network defines cancer-related fatigue as a distressing, persistent, subjective sense of physical, emotional, and cognitive tiredness or exhaustion related to cancer or cancer treatment that is not proportional to recent activity and interferes with regular functioning. Partridge et al. [4] reported that fatigue is the most distressing symptom of cancer and effect of treatment, and is especially prolonged in patients with after chemotherapy. Generally, cancer-related fatigue lasts 1 year after cancer treatment, and greater degrees of fatigue has a more deleterious effect on the QoL. Similar to our study, in a previous study, it was found that patients receiving radiotherapy experience less fatigue, particularly after engaging in aerobic exercises [30] . Exercise in the form of walking at a comfortable level of speed and exertion also has a positive effect on fatigue. Additionally, a recent systematic review showed that exercise, including aerobics, stretching, and strengthening, has a positive effect on physical function and interferes less with daily activities [5] .
